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Abstract 
The statistic analysis of instantaneous values of vibration and acoustic signals showed that in particular the form of probability 
density function of instantaneous vibroacoustic signal values changes depending on the condition of the device under vibration-
based diagnostics. The shape of the probability density curve can be described by the characteristic function. With regard to the 
diagnostics of reciprocating compressors the hypothesis had been put forward that the characteristic function of the vibroacoustic 
signal of reciprocating compressor is an informative diagnostic parameter of the technical condition of the unit. The article 
presents the results of a study of the statistical moments of the characteristic function parameters obtained for the different 
conditions of the test device. The studies revealed that the module of the characteristic function is the informative diagnostic 
symptom of reciprocating compressors faults and allows to assess the state of their units and parts. 
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1. Introduction 
It is known that the success in diagnosis of any machinery largely depends on the rational choice of diagnostic 
parameters, which accordingly present characteristics of oscillatory processes sensitive to change in the machinery 
condition. The most useful diagnostic parameters are the ones that are invariant (insensitive) to change in interclass 
parameters and have a wide range of changes in their values in going from one state class to another [1]. 
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An essential vibration analysis section is statistical description of different vibration parameter measurements. 
Statistical methods of analyzing vibration taken at a specific point of the machine or equipment are used in cases 
where it is impossible to accurately set the vibration value x(t) at any time t, or the vibration is complex, i.e. 
vibration signal can be interpreted as a random process [2 – 4]. 
If the signal waveform does not continue for the time, though its condition and operation remain unchanged, the 
statistical moments of the signal are usually not affected under these conditions. Thus, one-to-one correspondence 
between the signal statistical moments and the device condition can be established, even in principle [5]. 
2. Selection of characteristics describing the device condition 
The statistic analysis of instantaneous values of vibration and acoustic signals showed that in particular the form 
of probability density function of instantaneous vibroacoustic signal values changes depending on the condition of 
the device under vibration-based diagnostics (Figure 1) [6]. Consequently, the fact of change in the probability 
distribution curve for instantaneous signal values can be used as an informative diagnostic parameter of the 
machinery condition. 
 
Fig. 1. Probability density function of instantaneous values of acceleration signals for different conditions of the unit under test. 
It is known [3] that the probability density is a spectrum for the characteristic function. It is a probabilistic 
spectrum of instantaneous signal values, each component of which shows the probability of instantaneous set value 
in the signal. Therefore, the characteristic function is itself a characteristic that evaluates the shape of the probability 
curve. Mathematically, the characteristic function and the probability density are associated with Fourier transform 
(forms a Fourier transform pair). 
One might assume that, for the purposes of reciprocating compressors diagnostics, the characteristic function of 
the vibration and acoustic signal of the reciprocating compressor is an informative diagnostic parameter of the 
device condition. 
The purpose of this work is to study the statistical moments of the characteristic function parameters obtained for 
different conditions of the test device. 
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3. Experimental studies of properties of characteristic functions 
To study the properties of characteristic functions of vibroacoustic signal instantaneous values, a sampling of 368 
acceleration signals for different conditions of the reciprocating compressor units and parts was used. The signals 
were obtained by COMPACS system [7 – 11] with vibration sensors installed on the cylinder of the reciprocating 
compressor of Omsk oil refinery diesel fuel hydrotreater in March 2010. 
To process the signals using the Matlab specialized software, the program for signal processing and calculation of 
the characteristic functions of vibroacoustic signals was developed. The program helped to make calculations and 
construct characteristic functions of all 368 signals (Fig. 2). The family of the obtained characteristic function curves 
revealed a considerable spread in values of the characteristic function modulus. It shows the dependence of the 
parameters of characteristic function modulus on the characteristics of vibroacoustic signals, which, in turn, depend 
on the condition of the diagnosis object. The peak and root mean square values of the signals, as well as the values 
of the characteristic function modulus θ(v) for a given values of the parameter v were defined for each characteristic 
function. 
 
Fig. 2. Characteristic functions of test signals. 
These data have allowed to construct diagrams of the characteristic function modulus θ(v) for certain values of 
the parameter v against peak (Fig. 3a) and RMS (Fig. 3b) values of signals. The diagrams were made for the value of 
the characteristic function parameter v=0.2. The obtained results revealed the correlation dependences of the values 
of the characteristic function modulus θ(v) on peak and RMS values of signals. It confirms that the value of the 
characteristic function modulus depends on the condition of the reciprocating compressor. 
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Fig. 3. Dependences of characteristic function modulus θ(v) at v=0.2 on peak Аmax, m/s2 (fig. a) and root-mean-square m/s2 (fig. b) values of 
signals. 
In particular, the dependence of the characteristic function modulus on the peak and RMS values of signals for 
the characteristic function parameter v=0.2 is as follows. The smaller the peak or RMS values are, which means 
good condition of the reciprocating compressor [12, 13] the greater the value of the characteristic function module 
is. Given that the peak and root mean square values of signals are informative diagnostic parameters [7 – 13] then 
the characteristic function modulus can be used as an informative diagnostic symptom of malfunction of 
reciprocating compressors and other machinery. 
 
525 V.N. Kostyukov et al. /  Procedia Engineering  152 ( 2016 )  521 – 526 
4. Results of studies 
Distribution histograms for characteristic functions θ(v) of instantaneous vibroacoustic signals for different 
values of the parameter v have been made. For this purpose vibroacoustic signals have been taken for the different 
conditions of the reciprocating compressor. The histogram of the characteristic function values θ(v) at the parameter 
v=0.2 (Figure 4) shows that the characteristic function modulus θ(0.2) can be used to evaluate the health of the units 
and parts of the reciprocating compressor and determine the condition as follows: “ACCEPTABLE” is acceptable 
under long-term operation, “ACTIONS REQUIRED” (ARQ) is acceptable under short-term operation, 
“UNACCEPTABLE” (UAC) is unacceptable under operation. The obtained results have allowed develop a method 
of machinery vibration-based diagnostics according to characteristic function of vibration [14]. 
 
Fig. 4. Distribution histograms for characteristic function modulus θ(0.2) of instantaneous vibroacoustic signals for different conditions of the 
unit under test. 
5. Conclusion 
The studies revealed that the characteristic function modulus is an informative diagnostic symptom of faults in 
reciprocating compressors and allows evaluating the health of their units and parts [6]. 
In order to reliably determine the health of a reciprocating compressor according to the characteristic function 
parameters it is necessary using the method of making statistical decisions to evaluate the boundary values of the 
characteristic function modulus θ(v) at different values of v. The values of v correspond to different conditions of the 
reciprocating compressor at given values of fault missing and false alarm probability, and with value of fault 
missing risk. 
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